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1. INTRODUCTION
In the process of a software’s development, a new 
version of the software, containing a number of new fea-
tures, is generated. This process is repeated until the final 
release. As the complexity of software architecture grows, 
the probability of introducing bugs increases. Thus, the 
test of software functionalities must be well organized 
and efficient. In this regard, non-regression testing pro-
vides a systematic procedure and is a fast and efficient 
way to confirm the improvement of a new software ver-
sion and to find bugs within the software architecture [1]. 
A non-regression test (NRT) is an approach to software 
testing. The purpose of the non-regression test is to verify 
whether, after updating a given software application, the 
previous software functions have not been compromised 
and that an intentional change in the software has had the 
desired effect.
A thermal-hydraulic system code is essential for the 
design and safety analysis of a nuclear power plant system. 
During the development process of a thermal-hydraulic 
system code, the accuracy and robustness of the code are 
evaluated systematically. Usually, a set of various input data, 
called the NRT set, are prepared. It usually includes input 
data for thermal-hydraulic problems with exact solutions, 
conceptual problems, separate effect tests, and integral 
effect tests. Whenever, a new version is released, calcula-
tions for the NRT set are carried out and the results of the new 
version are compared with those of the previous version 
to confirm whether the new version works as intended. 
For example, the ICARE/CATHARE validation matrix 
[2] is composed of more than 60 experiments. Each piece 
of input data for the experiments includes a number of 
output variables, which require the generation of X-Y 
plots for comparison with the previous results and with 
experimental data. These calculations and comparisons 
are time-consuming and labor-intensive. Therefore, au-
tomation of this process is an ideal solution for the NRT. 
However, the NRT process is basically software-de-
pendent, thus the automation of NRT cannot be generalized. 
For instance, Latu et al. [3] developed a non-regression 
test program for the JOREK code, which aims at investing 
magnetohydrodynamic instabilities in a Tokamak plas-
ma. Nowack et al. [4] also use their own NRT program 
for continuous validation of the ASTEC containment 
models. Various NRT processes have been developed for 
other codes [5, 6]. This is due to the fact that an auto-
mated NRT program for computer codes is code-specific 
because of different output structures. 
In this study, we have developed a computer program 
named “automatic non-regression test program” (ANTP), 
for a thermal-hydraulic system code, such as the SPACE 
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code [7, 8]. As a tool for the ANTP development, we have 
used Visual Basic for Applications (VBA). VBA is an im-
plementation of Microsoft's event-driven programming 
language, Visual Basic 6, and its associated integrated 
development environment, which is built into most Mi-
crosoft Office applications. In this study, Microsoft Excel 
[9] is used as a developmental environment.
2.   THE FUNCTIONS AND STRUCTURE OF THE 
ANTP
The ANTP was designed to help the user to perform 
the NRT for the SPACE code. That is, for a given set 
of pre-prepared input data files, the ANPT automatically 
runs the SPACE code, and then generates the X-Y plots 
for user-specified output variables, such as pressure, tem-
perature, and velocity, for comparison with the results of 
the previous version and relevant experimental data, if 
available. Using the X-Y plots, the user (or code develop-
er) can easily verify whether, after updating the SPACE 
code, previous functions have not been compromised 
and an intentional change has had the desired effect. In 
the remainder of this section, the functions, structure, and 
applicability of the ANTP are briefly introduced.
2.1 The Functions of the ANTP
Key input data for the ANTP are stored in a Microsoft 
Excel file which contains three spreadsheets: 
(i)   The “PATH sheet” (shown in Fig. 1) includes the 
directory information data, where the NRT input 
data set, relevant experimental data, if available, 
and the results of the previous version are stored. 
(ii)   In the “CASES sheet” (shown in Fig. 2), a list of 
the NRT input data set and relevant experimental 
data (or the calculation results of other codes) is 
entered. 
(iii)  In the “FIGS sheet” (shown in Fig. 3), the spe-
cific details of each X-Y plot for the results of the 
ANTP are configured individually. 
The process carried out by the ANTP is straightforward:
(i)   First, the ANTP checks the validity of the direc-
tory in the PATH sheet, in which the input data 
set (the NRT input data set, relevant experimen-
tal data, and the results of the previous version) 
and the generated result files will be stored. 
(ii)   The ANTP generates a batch file (called run_cc. 
bat) to run the SPACE code using each of the 
input data set and it generates the input batch 
file and the input configuration file for each of 
the input data sets. The input batch file includes 
command lines to plot an X-Y plot. The input 
configuration file carries the specific details for 
the X-Y plot.
(iii)  The ANTP runs the batch file (run_cc.bat) to per-
form the SPACE code calculations, and, then, stores 
the output files in the specific directory.
(iv)  Then, it draws the X-Y plots (for variables versus 
time) of user-specified output variables in each 
of the input data files for comparison. In the X-Y 
plots, the results of the new version are compared 
with those of the previous version and the relevant 
experimental data. 
(v)   Optionally, the ANTP inserts the X-Y plots into a 
user-specified assessment report. 
Fig. 4 shows the flow diagram of the ANTP. The out-
put of the ANTP is a set of the X-Y plots. As mentioned 
previously, the user can easily verify whether or not the 
new version has been compromised by using the X-Y 
plots. 
Fig. 1. An Example of the PATH Sheet.
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Fig. 2. An Example of the CASES Sheet for Input Data Set.
Fig. 3. An Example of the FIGS Sheet for Output Variable Comparison.
Fig. 4. The Flow Diagram of the ANTP.
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for the CUPID code can be easily executed. In the same 
manner, the ANTP can be used in the developmental process 
of any other codes that have text-based input and output files. 
3.  THE RESULTS OF THE ANTP 
In this section, we have run the ANPT for the SPACE 
code to show its usability. Only three pieces of input data 
among the basic 65 validation data matrices [8] were se-
lected for the demonstration of the ANTP. The selected 
input data, ‘Christensen Test 15’ and ‘Ferrell_2pDp_2’ 
2.2 The Structure of the ANTP
The ANTP was written in BASIC language in Visu-
al Basic for Applications. The structure of the ANTP is 
shown in Fig. 5. It consists of two modules: Module1 and 
Module2. Module1 functions as a starter and a terminator 
of the ANTP. Module1 establishes the ANTP running en-
vironment. It calls Module2 in order to process the main 
function of ANTP; that is, Module2 runs the new ver-
sion code and generates the X-Y plots using GNUplot [10]. 
The whole process of the NRT is finished. The termina-
tion subroutine of Module1 is called when the spread sheet 
file is closed. Explanations for the subroutines in Fig. 5 
are omitted for convenience.
 
2.3  Applicability of the ANTP to other Computer 
Codes
The ANTP was designed so that it can be easily ap-
plied to any other computer code, of which input and out-
put are text-based. To run the ANTP for other codes, the 
input data set of the code and the corresponding experi-
ment data, if available, should be stored in the same man-
ner as the SPACE code. The spreadsheet file, mentioned 
above, should be prepared with information for the code. 
As shown in Fig. 6, identification numbers in the input 
configuration file, which is generated by the subroutine 
‘Plot_cfg’ in Module2, indicate the location of the numeri-
cal data in the NRT input file. However, its location in the 
NRT input file varies depending on the code. Therefore, 
the user should modify a few lines of the subroutine ‘Plot_
cfg’ in accordance with the output structure of the code. 
For instance, to apply the ANTP for the CUPID code 
[11], input files of the CUPID code, relevant experimen-
tal data, and the results of the previous version for each 
validation test case should be prepared in a specific direc-
tory. By using a slightly modified ‘Plot_cfg’, the ANTP 
Fig. 5. The Structure of the ANTP
Fig. 6. An Example of the Input Configuration File
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labor to detect bugs inside the SPACE code can be saved 
thus allowing the efficient elimination of programming 
errors prior to the release of a new version. In addition, 
the comparison with experimental data offers a good in-




In this study, we have developed a computer program to 
support NRT that can be used in the developmental course 
of a thermal-hydraulic system code and we have demon-
strated its usability. The ANTP allows the development 
team to limit their efforts in performing an NRT for every 
released version of a code by means of automating a part 
of the procedures. It also allows early debugging prior to 
the release of a new code version. As a result, time and 
manpower consumed for an NRT are expected to be sig-
nificantly reduced. Furthermore, the auto-generated X-Y 
plots for the comparison with experimental data offers 
a good insight into the model improvements in the new 
version.
Finally, it is noted that, although the ANTP was de-
signed for the SPACE code, it can be easily customized 
for any other computer codes that use text-based input 
and output files. 
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